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SUMMARY 

F l igh t   t e s t s  hgye been conducted on the  Republfc XF-91 a i rp lane   to  
investigate the aileron  effectiveness a t  Mach numbers between 0.40 
and 0.91 at approximate a l t i tudes  of l3,000, 24,000, and 32,000 feet .  
Abrupt rudder-fixed  aileron rolls were.made using f r o m  one-third to 

e maximum aileron  deflection. 

The results  obtained from these   t es t s   ind ica te  that the  a i leron 

increases from M = 0.40 to M = 0.91 at a l t i tudes  of about 13,000 feet. 
A t  the  higher  al t i tudes,   the  effectiveness at any Mach  number i s  greater 
than the effectiveness at 13,000 fee t .  Over the  range of dynamfc pres- 
sures where comparable data were available,   the aileroq effectiveness 
decreases  with  increasing Mach  number and t he  magnitude of this decrease 
is l e s s   a t  the higher values of dynamic pressure. 

- effectiveness i s  reduced by more than one-half as the Mach rider 

The Republic XF-91 ai lplane i s  unconventional in  that it has swept- 
back wings with  inverse  taper and variable  incidence. It w a s  f e l t  t h a t  
knowledge of the   effects  of these  features on l a t e r a l   s t a b i l i t y  and con- 
t r o l  of the airplane would be o f  general   interest .  For t h i s  reason  the 
Republic  Aviation Corp. has  cooperated  with the NACA High-Speed Flight 
Research S ta t ion   in  a flight  Fnvestigation  of  the dynamic lateral s t a -  
b i l i t y  and aileron  effectiveness of  the  XF-91 airplane.  
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The present  paper  presents  the  aileron  effectiveness  data  obtained 
during s ix  f l i gh t s  of the  airplane at Edwards A i r  Force Base,  Calif. A 
summary of the  aerodynamic character is t ics  and f lying  qual i t ies ,  as 
obtained from rocket-propelled-models, may be found in  reference 1. 

SYMBOLS 

ro l l ing  ang~~lar velocity,  radians/s ec 

yawing angular velocity,  raaians/sec 

dynamic pressure,  lb/sq f t  

Mach  number 

true airspeed,  ft/sec 

pres sure a l t i tude  , f t 
wing span, f t  

aileron  deflection  (perpendicular  to  hinge 

wing-tip  helix  angle,  radians 

wing incidence  angle,  deg 

angle  of bank,  deg 

Subscripts: 

L , l e f t  

l i ne  ) , deg 
’ .  

I 

R right- 

T t o t a l  

m a x  maximum available  def  lect-lon 

AIRPLANE AND INSTRUMEWTATION 

The XF-91 airplane i s  a single-place, midwing  monoplane  powered by 
a General  Electric J47-GE-17 turbojet  engine. The  wing is  swept back 40° 

- 

I 
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* at the 50-percent-chord line and has inverse  taper and var iable   inci-  
dence. The physical  characterist ics of  the  a i rplane are listed in 
table I and a three-view  drawing  and  photographs are presented  in   f ig-  
ures 1 and  2, respectively. - 

The ailerons  are  of the internal-sealed-balance type and have a 
m a x i m u m  t r ave l  from 19' up t o  l 6 O  down. The contour of the  a i lerons is 
specified as a contfnuation of the wing a i r fo i l   s ec t ion .  Details of  
t he  wing and the aileron  cross  section are shown i n  figure 3 .  The 
aileron  controls employ a boost system which gives a maximum boost 
r a t i o  of 40:l. The boost  ratio  used  for  the  aileron  effectiveness 
f l i gh t s  was approximately 1 O : l .  Five of t h e   s i x   f l f g h t s  were d e  with 
0' wing incidence whereas the remafning flight was made with a wing 
incidence  of 2'. 

Synchronized MACA instrumentation was i n s t a l l ed  t o  record  the 
following q w t i t i & :  ro l l ing  angular  velocity, yawing angular veloc- 
i ty ,  left  aileron  posit ion,  and rudder position. Mach nmiber, pressure 
altitude, and dynamic pressure were recorded on a photopanel. 

It w i l l  be noted that only t he  l e f t  a i leron was instrumented  for 
e these t e s t s .  The s t a t i c   d i f f e rence  between the  left and right ailerons 

was measured and found t o  be zero  within  the  accuracy of the calibration. 
Since no information was available on the ef fec t  of air  loads on the 

aileron angle. 
- ai leron  posi t ions,   the   total   a i leron  angle  was taken as twlce   the   l e f t  

TESTS, RESULTS, AND DISCUSSION 

The resul ts   presented  in  this paper were obtained from abrupt 9 

rudder-fixed  aileron rolls i n  the  clean  condition a t  various Mach . 

numbers between 0.40 and 0.91. The r o l l s  were made at  approximate alti- 
tudes of 13,000, 24,000, and 32,OoO feet, u t i l f z ing  from one-thfrd  to 
m a x i m u m  available  ai leron  deflection. A chain  stop WBB provided in  the 
cockpit t o  enable the p i l o t   t o  hold a constant  control  deflection  unti l  
a constant  roll ing  velocity was reached.  Although rolls were made with 
incidence  angles of Oo and 2O, the  effect o f  changlng  wing  Fncidence 
angle from 0' t o  2O was found t o  be negligible. 

Time h is tor ies  of typical   a i leron rolls at various  alt i tudes are 
presented i n  figure 4 f o r  M x 0.91 and M W 0.59. Figures 5(a), (b) ,  
and (c)   present  the var ia t ion of  wing-tfp  helix  angle pb/2V w i t h  t o t a l  
aileron  deflection  over the Mach  number range  covered at the three test  
alt i tudes.   Figure 5 shms that there i s  a linear variat ion o f  pb/2V + 
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w i t h  6, over the range  tested. All rolls were made t o   t h e  l e f t  w i t h  
the exception of three that were made t o  the right at M = 0.91 at 
23,200 fee t   ( f ig .  5 (b ) ) .  

Pb/2V 

8e?l 
Figure 6 presents  the  variation of aileron  effectiveness - 

w i t h  Mach number at the three test  a l t i tudes.  The data indicate that , 
at  an a l t i t ude  of  about l3,OOO feet,  the  aileron  effectiveness  decreases 
rapidly, mre than 50 percent, from a value of 0.0025 a t  M = 0.40 t o  
a value of 0.0010 a t  M = 0.91. A t  the  higher  al t i tudes,  the effective- 
ness a t  any Mach  number i s  greater than  the  effectiveness a t  13,000 f ee t .  \ 

The increase i n  effectiveness amounts t o  about. percent a t  M = 0.91 
when the a l t i t ude  i s  increased from about l3,OOO f e e t   t o  about 
32,000 fee t .  

Figure 7 presents  the  variation of wing-tip  heUx  angle pb/2V 
w i t h  dynamic pressure  for a total   ai leron  angle  of 20° at M = 0. 78, 
0.85;and 0.91. The data indicate that the  aileron  effectiveness 
decreases w i t h  increasipg Mach number  and the magnitude of this  decrease 
i s  less a t  the higher  values of dynamic pressure. 

Time his tor ies  of  the bank angles  developed i n  the maneuvers of 
f igure 4 were obtained by integrating the rol l ing  veloci ty  and are pre- 
sented in  f igure 8. The r a t e  o f  r o l l  and ai leron motion are a l s o  pre- 
sented on this f igure  for  convenience. The control  deflections and the  
ro l l ing  maneuvers were not  identical  for the various  altitudes and Mach 
numbers, so that sufficient  data are not  available  to  describe  completely 
the  change in angle of bank and t h e  tu-obtain maximum r a t e  of roll with 
a l t i tude   o r  Mach  number. These data  indicate,  however, t ha t   t he  angle 
of bank at which maximum rol l ing  veloci ty  is obtained  increases  with 
al t i tude;   for  example, from about TO0 fo r  13,600 fee t  t o  about 200° a t  
32,600 f ee t   fo r  M = 0.91. As pointed  out in reference 2 rolling veloc- 
i t i e s  developed a t  such large bank angles  are of l i t t l e  use. The time 
required  to  obtain meximum roll ing  veloci ty  was between 2 and 2.8 seconds 
whereas the  t i m e  required  to  obtain 90° bank-angle  was-between 1.6 and 
2.4 seconds. These times are excessive when compared t o  the requirement 
of 1 second t o  bank 900 proposed in  reference 2 and elsewhere. 

 CONCLUSION^ 

From the  a i leron  effect iveness   tes ts  on the  Republic XF-91 air- 
plane  the  following  conclusions were drawn: 

. 
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1. The aileron  effectiveness was reduced-  by more' than one-half as 
the Mach  number increased from M = 0.40 to M = 0.91 a t   a l t i t u d e s  of 
about 13,000 fee t .  At the  higher  altitudes,  the  effectiveness a t  any - Mach  number is greater than the effect iveness   a t  13,000 feet. 

2. Over the  range of  dynam€c pressures where comparable data were 
available,  the  aileron  effectiveness  decreases  with  hcreasing Mach 
number and the magnitude of this  decrease is l e s s  at the  higher  values 
of  dynamic pressuye. 

3 .  The time  required to obtain maximum rol l ing  veloci ty  was 
between 2 and 2.8 seconds  whereas the  t i m e  required  to  obtain 90° bank 
angle was between 1.6 and 2.4 seconds.  The.angle o f  bank a t  which 
maximum ro l l ing   ve loc i ty  is obtained  increased  with  altitude. 

Langley  Aeronautical  Laboratory 
National  Advisory Colmaittee for Aeronautics 

Langley Field,  Va. 
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Low-Supersonic Speeds. TIACA  RM L50Gl8a, 1950. 

2. Williams, W. C., and Cmssfield,  A. S. : Eandling W a l i t i e s  of High- 
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TABLE 1.- PHYSICAL CRARACTERISIICS OF REPUBLZC XF-91 AIFtPLARE 

wing: 
Airfoil  section . . . . . . . . . . . .  
Area. sq ft . . . . . . . . . . . . . .  Span. f t  . . . . . . . . . . . . . . . .  
Aspect r a t io  . . . . . . . . . . . . . .  
Root chord (airplane center  line) . ia . Taper r a t io  . . . . . . . . . . . . . .  
Tip  cMrd. in . . . . . . . . . . . . .  
Mean aemdynamlc chord. in . . . . . . . .  
Geometric Mst. deg . . . . . . . . . .  
Cathedral. deg . . . . . . . . . . . .  
Incidence angle. deg . . . . . . . . .  
Slats (type) 

FLape c type) 

Sweepback of 50-percent-chord line. deg 

. . . . . . . . . . . . .  Leading edge 

Trailing edge . . . . . . . . . . . .  

. . . . . . . . . . . . . .  3.07 . . . . . . . . . . . . . .  1.626 . . . . . . . . . . . . . .  95.0 . . . . . . . . . . . . . .  154.5 . . . . . . . . . . . . . .  127.1 . . . . . . . . . . . . . .  40.0 . . . . . . . . . . . . . . . .  a . . . . . . . . . . . . . . .  5.0 . . . . .  Variable f r o m  -2 t o  6 

. . . . . . . . . . . .  F u l l  s p a  

. . . . . . .  P l a i n  p a r t i a l  span 

Ailerons: 
Type . . . . . . . . . . . . . . . .  Internal sealed. 30.2-percent  balance 
Area (one). sq ft . . . . . . . . . . . . . . . . . . . . . . . . .  19.14 span. in . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  73.5 
Sweepback angle of aileron hinge line. 8eg . . . . . . . . . . . . .  42.5 
Ratio  aileron area to wing area  affected . . . . . . . . . . . . . .  0.27 
Travel. deg . . . . . . . . . . . . . . . . . . . . . . . . . .  -19 t o  16 

Vertical tai l :  
Airfoil section . . . . . . . . . . . .  
Span. in . . . . . . . . . . . . . . . .  
Aspect r a t io  . . . . . . . . . . . . . .  
Taper r a t io  . . . . . . . . . . . . . .  
Sweepback at 25-percent-chorCF line. deg 
FUdder area. sq ft . . . . . . . . . . .  

Area. sq ft . . . . . . . . . . . . . .  

Horizontal tal l :  
Airfoil  section . . . . . . . . . . . .  
Area. sq f t  . . . . . . . . . . . . . .  span. in . . . . . . . . . . . . . . . .  
Aspect r a t io  . . . . . . . . . . . . . .  
Taper r a t io  . . . . . . . . . . . . . .  
Sweepback at 25-percent-chord line. dcg 
Elevator ares ( to t a l )  . a q  ft . . . . . .  
Elevator  tab  mea. sq ft . . . . . . . .  
S-bilizer  area. sq f t  . . . . . . . . .  

. . Republic R.4. k - O l O X  ( MDd . ) . . . . . . . . . . . . . .  48.4 . . . . . . . . . . . . . . .  117 . . . . . . . . . . . . . .  1.99 . . . . . . . . . . . . . .  0.44 . . . . . . . . . . . . . .  33.0 . . . . . . . . . . . . . . .  9.7 

. . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  

Republic R.4, $0-010 . . . . . . . .  69.8 . . . . . . . . .  m4 . . . . . . . .  3.98 . . . . . . . .  1.00 . . . . . . . .  40.0 . . * . . * . . 19.3 . . . . . . . .  1.03 . . . . . . . .  y . 5  

Fuselage: 
Length. f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  43.33 
Frontal area (Including canopy) . sq ft . . . . . . . . . . . . . . .  24.2 
F i n e n e s s  r a t io  ( 2  them length/maximum width  plus  height) . . . . . . .  8.4 
Canopy f r o n t a l  area. sq ft . . . . . . . . . . . . . . . . . . . . . .  2.2 

Power plant . .- . . . . . . . . . . . . . . .  1 General  Electric Jk7-GE-17 

Weight : 
Gross weight. l b  . . . . . . . . . . . . . . . . . . . . . . . . .  19. 
Empty veight. lb . . . . . . . . . . . . . . .  - . . . . . . . . . . .  15. 9OO v 

. 

. 

. 
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Figure 1.- Three-view drawing of the Republic XF-91 airplane. 
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(a) One-quarter f ront  view. 
L-79281 

(b) Front view from above. v 
Figure 2. - Photographs of XF-91 airplane. L-75280 
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Figure 3.- Details of the XF-91 w i n g  showing the afleron cross section. - 

9 
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Figure 4.- Time his tor ies  of typical 
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(a) hp = 10,- t o  14,800 feet. 

Figure 5.- Variation of wing-tip helix angle E with total aileron 
2v 

angle a e  measured in abrupt aileron rolls; lw = Oo except a8 noted. 
XF-91 airplane. 
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Figure 5 .  - Continued. 

. 
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( c )  hp = 30,700 to 32,700 feet. 

Figure 5 .  - Concluded. 
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Figure 7.- Variation of wing-tip helix angle - with dynamic pressure Pb 
2v 

for a total   ai leron deflection of 20° at three Mach numbers. 
XF-91 airplane. 
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(a) M = 0.91. "%37 
f 

Figure 8.-  Time histories '  o f  bank: angles obtained  during  typical 
aileron rolls a t  pi = 0.91 and M = 0.59 at  various  altitudes. 
XF-91 airplane. 
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(a) M = 0.91. Concluded. v 
Figure 8.- Continued. 
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(b) M = 0.59. 

Figure 8 .  - Concluded. 




